SURFACE EXAFS AND XANES STUDIES OF S/Ni (110) AND S/Ni (111)
T
INTRODUCTION
Now, SEXAFS has been proved t o be a powerful technique f o r s u r f a c e s t r u c t u r e analysis. However, t h i s method has been applied t o only l e s s than 30 systems, since 1978, when t h e pioneering works were performed by P. C i t r i n e t a l .
[ l ] and J. Stb;hr e t a1. [2] 
a t SSRL. This i s mainly due t o t h e limited experimental f a c i l i t i e s a v a i l a b l e i n t h e world. Recently, several groups i n Daresbury[3] and a l s o BESSY[4] reported t h e SEXAFS works. Here we p r e s e n t t h e f i r s t SEXAFS experiment c a r r i e d out a t t h e Photon Factory.
~( 2 x 2 ) S/Ni(100) was studied extensively by S. Brennan e t a1.151 using p o l a r ization dependent SEXAFS, but s u l f u r on o t h e r two faces have not been studied with SEXAFS yet. Recently, Baudoing e t a1.
[ 6 ] c a r r i e d out t h e p r e c i s e LEED a n a l y s i s of c(2x2)S/Ni(110) and found t h e d r a s t i c r e l a x a t i o n of t h e N i t o p and second l a y e r s . The LEED i s r a t h e r s e n s i t i v e t o t h e i n t e r p l a n a r spacing, while t h e SEXAFS gives t h e l o c a l bond d i s t a n c e i n a theory independent fashion. Accordingly, it i s worthwhile t o i n v e s t i g a t e t h e same system with t h e SEXAFS method. In t h i s r e p o r t , S on N i ( l l 0 ) and N i ( l l 1 ) were studied using t h e p o l a r i z a t i o n dependent SEXAFS.
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EXPERIMENTAL
High p u r i t y (5N) s i n g l e c r y s t a l s with two faces, (110) and (111) were purchased from Metal C r y s t a l s and Oxides Ltd. i n U . K . . Disk-shaped (2 mmtx10 m m @) c r y s t a l s were polished down mechanically t o 1 pm with a diamond p a s t e and then electro-polished. Each sample was cleaned i n a UHV chamber by t h e successive treatment of ~r + s p u t t e r i n g and annealing (-800 OC). Surface cleanness and c r y s t a l p e r f e c t n e s s were monitored with AES (Auger Electron Spectroscopy) and LEED. After 5 t o 10 cycles of cleaning, we could obtain clean N i c r y s t a l surfaces, on which S and C were nondetectable with AES.
Sulfur overlayer was produced by dosing H2S on each c l e a n c r y s t a l . About 2
Langmuir of H2S ( 1 0~~ torrx20 see) was dosed on t h e N i ( l l 0 ) c r y s t a l , heated a t about 200 O C . Bright ~( 2 x 2 ) LEED p a t t e r n was observed and t h i s s u r f a c e s t r u c t u r e was s t a b l e a t l e a s t f o r 24 hours under t h e base pressure lower than 10-lo t o r r .
For t h e case of N i ( l l l ) , t h e dosage of 1 L H2S on t h e sample a t room temperature yielded ~( 2 x 2 ) p a t t e r n , while more than 3 L dosage yeilded very complicated ( 5 6 x 2 ) p a t t e r n . These surface s t r u c t u r e s were comparatively uns t a b l e and t h e i r LEED s p o t s became dim a f t e r 6 hours. [7] .
Surface EXAFS experiments were performed using synchrotron r a d i a t i o n from t h e s o f t X-ray double c r y s t a l monochromator a t t h e Photon Factory
By use of a s e t of InSb(ll1) c r y s t a l p a i r , t h e photon f l u x of 4 x 1 0 10 photons/sec i s a v a i l a b l e i n t h e 1650-3800 eV energy range with 1.5 eV r e s o l u t i o n .
The SEXAFS s i g n a l was obtained by monitoring t h e S KLL Auger e l e c t r o n y i e l d , whose energy i s -2100 eV. Spectra were recorded using a c y l i n d r i c a l mirror analyser (CMA) i n t h e nonretarding mode, and were f l u x normalized by a monitor c o n s i s t i n g of a Cu g r i d and a s p i r a l t r o n e l e c t r o n m u l t i p l i e r . I t took about 1.5 hours t o obtain each EXAFS spectrum i n t h e range 2400-2900 eV, whose upper energy i s limited by t h e appearance of t h e N i 2p photoelectrons i n t h e CMA window.
N i S was chosen a s a model compound, i n which t h e n e a r e s t neighbor bond 3 2 0 length of S-Ni is 2.28?0.01 A, and t h e coordination number i s 6 [8] . Total e l e c t r o n y i e l d spe&trum of a s i n t e r e d d i s k of Ni3S2 was measured i n t h e same energy range a s t h a t f o r SEXAFS s p e c t r a of above-described systems.
In t h e case of S on Ni(llO), t h e r e a r e two angular dependences: ( i ) on t h e -+ p o l a r angle 13 between t h e 8 vector and t h e surface normal n and ( i i ) on t h e azimuthal angle @ i n t h e surface plane. Thus, we measured two polar-angle dependent SEXAFS s p e c t r a ; one f o r 8 p a r a l l e l t o t h e [loo] (a = 0°) and t h e o t h e r f o r 2 p a r a l l e l t o [JlO] (@ = 9 0°) . On t h e o t h e r hand, t h e r e a r e no azimuthal angular dependence of SEXAFS f o r S / N i ( l l l ) and we measured p o l a r i z a t i o n dependent SEXAFS s p e c t r a f o r one azimuthal angle. background was subtracted from each spectrum assuming t h a t it follows t h e s u l f u r atomic absorption above the edge. The EXAFS s i g n a l x(k) was normalized t o t h e edge height, which was determined by e x t r a p o l a t i n g t h e atomic absorption l i n e t o 2 0 t h e edge. Fourier transform of x(k)xk (Fig. 2) shows a s t r o n g peak around 2 A, which can be assigned t o S-nearest neighbor N i , although i t s distance i s apparently s h o r t e r due t o t h e phase s h i f t . A f t e r f i l t e r i n g , t h e s t r o n g peak i n t h e R-space was .~o u r i e r transformed back i n t o k-space, which gave t h e amplitude of t h e nearest neighbor bond. By comparing t h e amplitude function with t h a t from t h e model compound, Ni3SZ, we could obtain t h e e f f e c t i v e coordination number N* a t each angle. A s shown i n Fig. 3 , t h e r e a r e four kinds of possible adsorption s i t e s f o r
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S on N i ( l l 0 ) . The e f f e c t i v e coordination number N* was c a l c u l a t e d f o r each
possible adsorption s i t e , assuming t h e n e a r e s t S-Ni bond length t o be 2.31 A.
Calculated and experimental N*s a r e compared i n Table 1 
. I t i s possible t o determine t h e adsorption s i t e uniquely a s a hollow s i t e from t h e d a t a f o r two
azimuthal angles, Q = 0" and Q = 90". it should be noted t h a t t h e peak position is s h i f t e d t o t h e s h o r t e r distance by changing t h e angle O from normal t o grazing incidence. This r e s u l t i n d i c a t e s t h a t t h e peak contains two components ; one from t h e top l a y e r f o u r n i c k e l F1g. a d s o r p t i o n s i t e of S on Ni ( 1 1 0 ) atoms and another from t h e bottom n i c k e l atom. A t thenormal incidence, t h e r e is no contribution t o EXAFS from t h e bottom n i c k e l atom. Thus, we can e a s i l y determine t h e bond length 0 between S and f o u r t o p l a y e r N i atoms, Rtop, a s 2.3120.02 A. Next, we determined t h e bond length of S-bottom N i , F$ottom, through t h e l e a s t square f i t , where R top and 0 and N*top/N*bottom t o p were fixed, and RbotSom, Obottom, and N*bottom were parametrized. The value obtained was 2.19+-0.02 A. By using t h e determined bond lengths, we can g e t t h e inter-spacing between t h e t o p l a y e r and t h e second l a y e r , which is 1.5720.02 i. This i s longer than t h e bulk i n t e r l a y e r spacing, 1.246
by (10+2)%. It i n d i c a t e s t h a t t h e strong bond between t h e S atom and t h e bottom
N i (second layer) pushes t h e t o p layer N i upwards. These r e s u l t s a r e i n c l o s e agreement with those by Baudoing e t a1. [6] who analysed t h e LEED d a t a , taking t h e multilayer r e l a x a t i o n i n t o account. Table 1 Comparison Here, we denote t h e coordin a t e of t h e S/Ni(llO) system a s t h e x a x i s along <loo>, y a x i s along <110> and z a x i s along t h e surface normal.
The XANES spectrum a t @ = O O and 0 = 9 0° comes from xpolarized t r a n s i t i o n s , and t h a t a t @ = 90" and 8 = 90" from y-polarized t r a n s it i o n s , while t h e spectrum a t grazing incidence i s dominated by z-polarized t r a n s i - r a t h e r nonbonding.
Accordingly, t h e f i r s t peak of z-polarized spectrum can be assigned t o be t h e t r a n s i t i o n t o t h e antibonding (S3pa-Ni4sa)* o r b i t a l . x-and y-polarized s p e c t r a show prominent peaks a t t h e n e a r l y same energy. They a r e t e n t a t i v e l y assigned a s t h e t r a n s i t i o n s t o Rydberg(4P) type o r b i t a l s , where 4P i s s l i g h t l y Y lower than 4px, due t o t h e l e s s repulsive force from t h e surrounding N i atoms.
There a r e several d i s t i n c t peaks i n t h e higher energy region, polarized e i t h e r t o x o r y. They a r e possibly due t o t h e shape resonance type t r a n s i t i o n s . Further d e t a i l e d c a l c u l a t i o n s a r e now i n progress.
The surface s t r u c t u r e of t h i s system has been studied l i t t l e . Rather old LEED a n a l y s i s by Demuth e t a l . [ 9 ] showed t h a t a S atom i s located a t t h r e e -f o l d 0 hollow s i t e and t h e n e a r e s t S-Ni bond distance i s 2.02k0.06 A. But, it is worth noting t h a t they used only t h r e e beam s p e c t r a . W e performed t h e SEXAFS measure- These values a r e more probable than t h a t deter- 
